0.97% of national arable land, covering 1.158 million ha. If organic crop yields were assumed to 30 be 10% to 15% lower than conventional yields, the environmental benefits of organic agriculture 31 2 (i.e., a decrease in nitrate leaching, an increase in farmland biodiversity, an increase in carbon 1 sequestration and a decrease in greenhouse gas emissions) were valued at 1921 million RMB 2 (320.2 million USD), or 1659 RMB (276.5 USD) per ha. By reducing the farming inputs, the 3 costs saved was 3110 million RMB (518.3 million USD), or 2686 RMB (447.7 USD) per ha. 4
service studies (D'Amato et al., 2016), i.e., the market price and avoided cost method, to produce 23 a general approximation of the monetary value of provisioning services, production and inputs 24 for organic agriculture and then compared these approximations with those for conventional 25 agriculture. The market price method is applicable to crop products, synthetic fertilizer and 26 pesticide inputs, labor, energy and reduced GHG emissions. The cost-based (or avoided costs) 27 method is based on the costs avoided from environmental impacts or those required to restore 28 certain ecological services; for example, the cost of nitrate treatment is the "monetary value" for 29 nitrate pollution. Similarly, we determined the price for farmland biodiversity (Pretty et al., 30 2000; Sandhu et al., 2010) . 31
For the economic (monetary) values of the farming performances and environmental 1 impacts between organic and conventional agriculture at the national level, the area of organic 2 arable land was multiplied by the price for each performance or impact indicator. Then, we 3 summed the economic values of each individual performance or impact to quantify 1) the input 4 costs, which included synthetic fertilizers, pesticides and energy, 2) the economic value losses 5 due to crop yield decreases, and 3) the environmental impacts, which included C sequestration 6 and GHG emissions, nitrate pollution and farmland biodiversity. In our study, the quantified 7 economic values were for December, 2013 and were not adjusted for purchasing power parity or 8 inflation. 9 10 2.3.1 Farming inputs I: Synthetic fertilizers and pesticides 11
In organic agriculture, the use of synthetic fertilizers and pesticides is prohibited and the 12 costs are thereby saved compared with conventional agriculture. For the conventional production 13 of vegetables, fruits and tea, we collected the average fertilizer and pesticide input rates from 14 published studies (Ma et however, the context is very important in interpreting yield differences. For vegetables and 3 fruits, the yield differences between organic and conventional farms were lower than those for 4 other crops because vegetables and fruits are more sensitive to the balanced nutrient supply that 5 results from the higher soil organic matter content in organic fields than in conventional fields 6 (Tuomisto et al., 2012), although Seufert et al. (2012) found the opposite result. In China, 7 certified organic farms rely heavily on organic fertilizer inputs, so there was a smaller yield 8 difference between organic and conventional agriculture (Oelofse et al., 2010) . Based on the 9 literature analysis above, we set the yield decrease between organic and conventional agriculture 10 at 10% for vegetables, fruits and tea and at 15% for all other crops (Table 4 ). The market prices 11 for organic and conventional products were collected from the FACICS system 12 (http://food.cnca.cn). compared with pre-experiment levels at rates of 0.24 and 0.11 t C ha -1 yr -1 , respectively, 23
indicating that approximately 0.13 t C ha -1 yr -1 is sequestered in soils via organic farming 24 operations. Because the organic manure input and crop residue incorporation are much higher in 25 vegetables, orchards and tea gardens than those in croplands, we estimated that the increases in 26 the SOC stock were 0.6, 0.5 and 0.5 t C ha -1 yr -1 , respectively (Jin, 2008). The SOC also 27 increases in conventional agriculture when organic manures and crop residues are recycled. 28
However, due to the lower proportion of recycled organic materials within farming systems 29 (including organic farm) in China (Liu et al., 2008), we assumed that 1/3 of the organic materials 30 in organic agriculture were recycled, whereas no recycling occurred in conventional agriculture. 31 Consequently, the above SOC sequestration rates for organic farming were multiplied by 1/3. t, respectively. The total costs saved was 2211 million RMB, or 368.5 million USD (Table 3) . 26 -Reduction in energy consumption: The reduction in fertilizer use in 2013 in organic farming 27 was 467*10 3 t of urea, 353*10 3 t of diammonium phosphate and 260*10 3 t of potassium chloride, 28 which were equivalent to energy savings of 12,000, 2000 and 1200 TJ, respectively. The total 29 direct energy saved was estimated at approximately 508*10 3 t of standard coal equivalent. We 30 used the conversion of 1 t of raw coal = 0.7143 t of standard coal and a raw coal price of 500 31 RMB t -1 ; consequently, the cost saved was 356 million RMB, or 59.3 million USD. However, 1 because the cost saved of synthetic fertilizer was already quantified above, it was not included in 2 the calculation of total farming input cost savings. 3 4 3.2 Economic value of crop production decreases 5
Compared with conventional farming, the decrease in the total economic value caused by the 6 lower levels of production in organic farming was 6115 million RMB (1019.2 USD), which 7 included 1296 million RMB for vegetables, 2114 million RMB for fruit, 198 million RMB for 8 tea, 485 million RMB for soya and other bean crops, 1725 million RMB for cereals and 297 9 million RMB for other crops (Table 4) . 10 11
Economic value of environmental impacts 12
-C sequestration and GHG emissions reduction: In organic farming, the C sequestration and the 13 direct plus indirect reductions in N 2 O emissions were calculated to be 314*10 3 and 3.63*10 6 t 14 CO 2 -eq yr -1 , respectively. The total economic value was 296 million RMB, or 49.3 million USD 15 (Table 5) . 16 -Increase in ecosystem services due to improved farmland biodiversity: the economic value was 17 estimated at approximately 287 million RMB, or 47.8 million USD (Table 6) . 18 -Reduction in nitrate leaching: in 2013, the reduction in nitrate leaching was approximately 19 13,380 t as a result of organic agriculture, and the associated economic value was estimated at 20 1338 million RMB, or 223 million USD (Table 7) . 21 The economic costs saved in farming inputs because of the adoption of organic agriculture 22 in 2013 was 3110 million RMB (518.3 million USD), of which pesticides and synthetic 23 fertilizers accounted for 28.9% and 71.1%, respectively (Tables 2 and 3 
Methodological difficulty and uncertainty analysis 3
Finding appropriate methods for comparing agricultural systems is more difficult than for 4 many other goods and services due to the high variations in the study goal and natural and social 5 contexts (Schader et al. 2012 ). For our study, we tried to quantify the production performances 6 and environmental impacts on the basis of a unit of area, i.e., for the 1.158 million ha of organic 7 farmland in China. The different performances and impacts that occurred in these organic 8 farmlands, compared with the scenario of conventional agriculture, were mostly identified and 9 determined (Table 1) . Our quantification results sensitively identified the magnitudes of 10 individual elements and their performances and the impacts between organic and conventional 11 agriculture (see Results section), indicating that our valuation was appropriate. 12
There are several sources of error and uncertainty in our study. First, the unavailability or 13 high variations of data: this occurred mainly for the indicator values that were adopted. For each 14 indicator, we undertook a global literature study, identified the range of indicator values and set 15 an appropriate value within the Chinese agricultural context. The soil C sequestration rate, for 16 example, was corrected by the low proportion of organic materials cycling in organic and 17 conventional agriculture in China (multiplied by 1/3). Second, some indicators were not included 18 in the current study, e.g., higher labor costs in organic agriculture (Crowder and Reganold, 19 2012 ). We assumed that these higher labor costs are largely equalized by the higher incomes 20 within an organic farm, hence there is no need to consider this indicator in the study. Some of the 21 health benefits of organic farming, including the lower contamination of drinking water by 22 pesticides and safer foods because of the prohibited use of chemicals, were not considered 23 because of the complicated relationship between health and pesticide applications and the lack of 24 appropriate methods for quantification (Tuomisto et al., 2012) . This is in line with the findings of 25 Pretty et al. (2000) , that the total positive externalities leading to the environmental benefits were 26 likely underestimated in most comparative studies, and they asked for more observations and 27 studies in the future (Schader et al., 2012) . The other uncertainty is the crop yield decrease of 28 organic agriculture. In organic agriculture, the use of chemo-synthetic fertilizer (e.g., N) is not 29 allowed (IFOAM, 2014). On a large scale, for instance, in the entire country of China, some 30 farmland must be used for biological N fixation to provide the essential N for crop production 31 (De Ponti et al., 2012). Then, the decrease in crop yield for organic farming was likely much 1 higher than the 10-15% scenario set in our study. If the crop yield decrease was doubled from 2 10-15% to 20-30%, this total economic loss would increase from 6115 million RMB (1019. In our study, total environmental benefits and production costs saved of organic agriculture 10 accounted for 82.3% of the total economic losses due to crop yield decrease. The environmental 11 benefits of organic agriculture were quantified at 1659 RMB (276.5 USD) ha -1 , approximately 12 31% of the total economic value of the crop yield decrease (5280 RMB, or 880 USD ha -1 ). This 13
indicates that organic agriculture could substantially compensate for the economic value loss 14 caused by the crop yield decrease. 15
These environmental benefits gained by organic farming, or rather interpreted as the 16 environmental costs caused by conventional farming, could be covered with payments, from the 17 buyer/consumer, i.e., price premiums, or by fines issued to the producer/farmer (Zhang, 2011) . Paying for the environmental benefits through price premiums or other feasible approaches, 29
will benefit the whole of society and humans in the long term (Lu et al., 2015) . The investigationGiven the overall lower crop yields (10% to 15%) in organic agriculture, at least a similar level 1 of price premiums is needed for organic farmers to achieve similar financial rewards for those of 2 conventional farmers, assuming that the costs per unit product are similar for organic and 3 conventional farms. In practice, however, the direct production cost of organic products is higher 4 than that of conventional products (CNCA, 2014) because of the increased labor costs due to the 5 rapid industrialization process in China in recent years (Li et al., 2012) . We, therefore, suggest 6 that payment for the environmental benefits of organic agriculture should be incorporated into 7 public policies, to encourage agriculture to move towards truly sustainable production systems. 8 Hansen, B., Kristensen, E.S., Grant, R., Høgh-Jensen, H., Simmelsgaard, S.E., Olesen, J.E., 2000.
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